Plain Language Summary {#S0001}
======================

Balance disturbances cause falls in the elderly. Balance can be improved by specific training exercises (vestibular rehabilitation). More specifically, vestibular rehabilitation performed using posturography devices (which measure the balance of a patient and make it possible to design training exercises adapted to the specific needs of each person) has proved highly effective in improving balance. However, these devices are very expensive, thereby preventing its application in large groups of the elderly population. Nevertheless, a way to lower the cost of rehabilitation is to specify the minimum number of sessions necessary for its effectiveness. Thus, in this study, we compare two protocols (of ten and five sessions) and show that they are both effective in improving balance among elderly patients with postural instability. Furthermore, we have not found significant difference in results between them. Therefore, the results from the 5 sessions are similar to those from 10. These findings are crucial as they will permit treatment of twice as many patients with the same resources.

Introduction {#S0002}
============

Vestibular rehabilitation using posturography systems is useful for improving balance among elderly patients with postural instability.[@CIT0001],[@CIT0002] The causes of balance disturbances in elderly people are multiple and sometimes overlap with one another (neurological and/or vestibular disorders, loss of strength and flexibility, decreased reflexes and aging itself, among others).[@CIT0003],[@CIT0004]

Although there is no definitive consensus, postural stability in elderly people is thought to be more effectively improved when using exercises of different types, including posturography exercises.[@CIT0005] The most appropriate approach, especially for elderly people living in the community and at risk of falls, should include exercises aimed at improving strength and balance.[@CIT0004],[@CIT0006],[@CIT0007] Furthermore, the improvement in balance in this particular population segment should translate into a reduced number of falls,[@CIT0008] which is a key strategic issue in terms of public health. Reducing the number of falls also means reducing the number of fractures and therefore, the number of hospital admissions. Ultimately, it implies a significant reduction in morbidity and mortality among elderly people.[@CIT0009],[@CIT0010]

The duration of protocols of vestibular rehabilitation using posturography systems is not clearly defined. In general, the number of sessions should be tailored according to the requirements of each patient as just a few sessions can suffice to reasonably restore the balance in some patients, while others require more training time and dedication. Nevertheless, a reasonable alternative is to establish a desirable numerical range of sessions (considering that, for example, one or two sessions should be insufficient, whereas more than twenty would be excessive). At least in our setting, the average number of protocolized sessions is 10.

There are doubts on the appropriate number of sessions required, even more so, when referring to elderly people. Elderly should require more sessions than younger people due to their reduced brain plasticity and decreased learning speed, and cognitive difficulties overlap with balance disturbance. However, elderly patients usually require aid from a third person to take them to the hospital, which implies a disruption (often, even work and economic) for the patient and their family. In fact, these difficulties can decrease the adherence to the rehabilitation treatment in patients of this age group.[@CIT0011] Based on the above, specifying the number of sessions capable of improving performance is crucial.

In addition, the main limitation to the widespread development of vestibular rehabilitation using posturography systems is its high cost (both for equipment and human resources in that only highly qualified professionals can conduct these sessions). A way to lower this cost is to reduce the number of sessions, as long as the reduced number of sessions is sufficient to reach levels of improvement similar to those achieved with the recommended 10 sessions. This has been demonstrated in patients with postural instability secondary to unilateral vestibular deficit (in whom five-session protocols provided results similar to those achieved with 10-session protocols).[@CIT0012] However, to the best of our knowledge, the effectiveness of protocols with a reduced number of sessions in improving postural instability caused by aging has not been investigated.

Accordingly, the objective of this study is to assess whether two different protocols of vestibular rehabilitation by posturography, one of them longer (ten sessions) and the other shorter (five sessions), show significant differences in the improvement of balance among elderly patients with postural instability.

Patients and Methods {#S0003}
====================

This manuscript presents the partial results from a clinical trial funded by the project PI1500329, integrated into the Spanish State Plan for R + D + I and funded by the Instituto de Investigación en Salud Carlos III -- ISCIII -- Subdirección general de Evaluación y Fomento de la Investigación and the Fondo Europeo de Desarrollo regional (FEDER). This clinical trial, whose protocol has already been published,[@CIT0013] aimed to evaluate the utility of vestibular rehabilitation in the elderly with postural instability for improving balance and reducing the number of falls.

Study Design {#S0003-S2001}
------------

An experimental, prospective, single-center (a tertiary hospital), open-label, randomized study (balanced patient blocks) was conducted in 2 groups of elderly patients (at least 65 years of age) with a high risk of falling and a 3-week follow-up period.

Study Population: Inclusion and Exclusion Criteria {#S0003-S2002}
--------------------------------------------------

This study included patients aged ≥65 years who had instability and met at least 2 of the following inclusion criteria: Had fallen at least once in the last 12 months.Took \>15 seconds or needed support in the timed up and go (TUG) test.Obtained a mean sensory organization test (SOT) of dynamic computerized posturography (CDP-SOT) balance score of \<68%.Had fallen at least once in the CDP-SOT.Obtained a score of \>60% in the Vertiguard geriatric Standard Balance Deficit Test (gSBDT).

The following were the exclusion criteria: Cognitive decline or reduced cultural level that prevents the patient from understanding the assessment, vestibular rehabilitation exercises, and granting informed consent.Organic conditions that prevent standing on 2 feet, which is necessary for assessment of balance and performance of VR exercises.Balance disorders caused by conditions other than aging (neurological, vestibular, etc.).Current treatment with drugs that potentially affect balance.

Sample Size Estimation {#S0003-S2003}
----------------------

The sample size was estimated using a reference of the mean value of balance in the sensory organization test by computerized dynamic posturography. From a previous study performed using a similar methodology,[@CIT0012] the standard deviation estimated for this value was 6. We considered relevant a difference in the score between the two study groups of 7 percentage points. With a 95% confidence level (1-ά) and a type II error probability (β) of 0.5, for a bilateral hypothesis test, a total of 19 subjects were deemed the number necessary in each of the two arms. Considering the above, the estimated sample size was 38 individuals, which was increased to 40 (20 in each group) in anticipation of some loss due to follow-up.

Sample {#S0003-S2004}
------

The study included 40 patients (20 in each group) who met the inclusion criteria and were examined for presenting balance alterations in the otoneurologic unit of a tertiary hospital. The mean age was 78.44 ± 6.31 years, with a maximum of 88.13 years. Regarding the sex distribution, 28 patients were female (70%) and 12 were male (30%), with a female-to-male ratio of 2.3:1.

In reference to the inclusion criteria, 18 patients met the criterion 1) (fell at least once in the previous 12 months), 27 met the criterion; 2) (used more than 15 seconds or needed support during the TUG Test), 38 met the criterion; 3) (obtained a mean CDP-SOT balance score \<68%), 38 met the criterion; 4) (fell at least once in the CDP-SOT) and 5 met the criterion; 5) (had a score \>60% in Vertiguard's geriatric Standard Balance Deficit Test). Eleven patients were included with two inclusion criteria, 12 with three, 14 with four, and 3 with five.

Methodology {#S0003-S2005}
-----------

To exclude causes other than advanced age that would account for the instability, we performed a complete otoneurological clinical history for all patients. This included a complete neurological examination and confirmation of the absence of nystagmus (spontaneous or caused by cephalic agitation), saccades in the head impulse test, and nystagmus in the Dix-Hallpike positional test. If necessary, we performed videonystagmography with caloric tests, video head impulse test, vestibular evoked potential test, and/or head magnetic resonance imaging.

To assess balance, the patients were evaluated using the inclusion criteria and their baseline equilibriometric patterns by performing the following tests before starting the vestibular rehabilitation: Modified TUG test:[@CIT0014],[@CIT0015] Seated, the subject must stand up without aid, walk 3 meters, turn around, and sit down again. The time needed and numbers of steps were determined.CDP-SOT (Neurocom Smart Equitest platform): The SOT included quantitation of the patient's COG displacements in 6 different sensorial information conditions as follows: fixed surface and visual surround, with eyes open; fixed surface, with eyes closed; fixed surface and moving visual surround, with eyes open; moving surface and fixed visual surround, with eyes open; moving surface, with eyes closed; moving surface and visual surround, with eyes open. Each of the 6 conditions was repeated 3 consecutive times, with the patients completing a total of 18 tests per record. The time set for each of these tests was 20 seconds.CDP LOS: After visual feedback (movement of a pictogram representing the subject's COG on a television monitor), the patients had to voluntarily move their COG, without moving their feet, on the platform to reach 8 points that represent 100% of the displacement limit of each subject's COG according to height and age.Balance record study using the mobile Vertiguard system: The following 14 tests were performed, and the analysis of the results represented the gSBDT: Standing still (SS), with eyes open, on a normal surface (NS).SS, with eyes closed, on a NS.SS, one leg, eyes open, NSMaking 8 steps in tandem, with eyes open, on a NS.SS, with eyes open, on a foam surface (FS).SS, with eyes closed, on a FS.Making 8 steps in tandem, with eyes open, on a FS.Walking 3 m, with eyes open.Walking 3 m, with eyes open, while turning the head from side to side.Walking 3 m, with eyes open, while moving the head up and down.Walking 3 m, with eyes closed.Walking over 4 barriers (height: 26 cm; distance between barriers: 1 m).Sitting down on a chair.Getting up from a chair.Questionnaires that measure disability due to imbalance and risk of falling: A question assessing the number of falls in the last 12 months.The Dizziness Handicap Inventory (DHI), validated in Spanish,[@CIT0016] assesses disability perceived by the patient in relation to instability. It consists of 25 items divided into 3 groups (9 on the functional scale, 9 on the emotional scale and 7 on the physical scale), with 3 possible answers scored as follows: "yes" (4 points), "sometimes" (2 points), and "no" (0 points). The highest perception of disability is 100, and the lowest is 0.A shortened version of the Falls Efficacy Scale -- International to assess fear of falling (Short FES-I)[@CIT0017] evaluates fear of falling while performing 7 everyday activities. Each question has 4 possible answers scored as follows: "not at all concerned" (0 points), "somewhat concerned" (1 point), "quite concerned" (2 points), and "very concerned" (3 points). The highest score (greatest fear of falling) is 21, and the lowest is 0.

Intervention {#S0003-S2006}
------------

After the first screening visit, the patients who provide consent were included in the study and randomized to one of the study arms. Randomization was performed by the clinical epidemiology and biostatistics unit of our hospital. Once the patient signed the informed consent form, the investigator contacted the unit, which provided the code of the arm to which the patient was assigned. A block balanced randomization sequence was used. The investigator established the applicable intervention schedule with the patient.

The two study arms were: Ten sessions of vestibular rehabilitation by posturography (20 patients), using two different interventions: Intervention with dynamic posturography exercises (9 patients). The Smart Equitest program was used with a protocol of 10 exercises per session, which were customized depending on the patient´s deficit (as observed in the earlier postural study). The exercises involved visual biofeedback together with sensitive, real-time monitoring of movement. In some exercises, the patients must maintain their COG over the base of support, whereas in others, the COG must be moved to a series of targets. In addition, the support surface and/or visual surround may move in response to the patient's own movement. The exercise difficulty was progressively increased throughout the rehabilitation sessions by increasing the LOS, transition rate, or movement of the posturography platform). The duration of each session was approximately 15 minutes. The distribution of the sessions was 1 per day and 5 per week (two weeks).Intervention with mobile device Vertiguard exercises (11 patients). Up to 6 tasks with the most prominent deviations from the normative control values were included in the training program. Individual feedbacks based on body sway analysis were calculated and stored in the device for each patient. Training was performed using the training function of the Vertiguard1-RT device. This neurofeedback system contains a battery-driven main unit fixed on a belt at the center of body mass (hip) and one vibration stimulator on the front, back, left, and right sides, respectively. Vibration stimulators are mounted on the same belt as the main unit. They were adjustable by sliding over the belt to the correct position in the individual patient. The main unit continuously determines the coriolis force during body movements in pitch and roll by the built-in gyroscope and compares those values with the individual preset thresholds for stimulator activation in specific directions. The patients performed training daily under the supervision of a physician over 2 weeks, excluding weekends. Each training session consisted of 5 repetitions of the 6 selected training tasks described earlier (each repetition lasting 20 s or until the movement was finished). The patient received a vibrotactile feedback signal during training in the directions that showed a higher body sway than the preset thresholds. Vibration was reinforced with increasing sway; that is, the higher it exceeded the preset values, the stronger the vibration was at the corresponding site. The duration of each session was approximately 15 minutes. No vibrotactile feedback was applied if the patient's sway was below the preset thresholds. The difficulty of the exercises was progressively increased throughout the rehabilitation sessions by pressing the sensitivity buttons (up/down) on the main unit. During this procedure, the individual preset thresholds were similarly decreased for all sway directions of the specific training condition until the patient perceived a vibration while performing the training task.Five sessions of vestibular rehabilitation by posturography (20 patients), using the two interventions described in group A, carried out over two weeks (Monday to Friday, every other day). Vestibular rehabilitation was performed in ten patients using the dynamic posturography device and in another ten using the Vertiguard device.

Analyzed Variables {#S0003-S2007}
------------------

The equilibriometric evaluation conducted prior to the vestibular rehabilitation was repeated 3 weeks after the end of the rehabilitation. The following variables were collected and analyzed: Age and sex.TUG test (time spent and number of steps).CDP sensory organization test:The percentage score obtained for each condition (considered as the arithmetic mean of the 3 records obtained for each condition)The global mean balance, which is obtained by calculating the weighted mean of the scores obtained in the 18 records of each sensory organization test.The number of falls that occurred during the completion of the 18 SOT records.The use of somatosensory information, which is a percentage value resulting from the following formula: (mean score for condition 2/mean score for condition 1)/100.The efficacy of processing visual information, which is calculated using the following formula: (mean score for condition 4/mean score for condition 1)/100.The use of vestibular information, which is calculated using the following formula: (mean score for condition 5/mean score for condition 1)/100.The ability to assume erroneous visual information, which has a score resulting from the following formula using the values obtained for the corresponding conditions: \[(2 + 5)/(3 + 6)\]/100.CDP limits of stability:Reaction time: time from onset of visual signal showing movement to its actual beginning. (in seconds)Speed of the movement: mean speed of displacement from COP, as º/sec.Maximum displacement point: measure of the maximum displacement reached by the COG with respect to the theoretical 100% of the LOS (in percentage)End point of displacement: measure of the point reached at the end of the displacement of the COP, relative to the theoretical 100% of limit of stability. (as a percentage)Directional control: comparison between movement in the direction of the target versus movement away from that direction, as a percentage.Vertiguard gSBDT scoreQuestionnaires:DHI score, total and for each scale (physical, emotional, and functional)Short FES-I score

Statistical Analyses {#S0003-S2008}
--------------------

We used the Kolmogorov--Smirnoff test to assess whether the different continuous variables followed a normal distribution. The Fisher exact test was used to determine any association between two nominal variables, always in 2 x 2 tables, presenting the odds ratios and 95% confidence intervals when the results are statistically significant. We used the Student's *t*-test to compare the continuous and nominal variables when the continuous variables followed a normal distribution. The non-parametric Mann--Whitney test was used when the distribution was not normal. We used the Wilcoxon test to compare the continuous variables in the same patient at 2 different time points (before and after vestibular rehabilitation). The level of statistical significance in all the tests was set at p \< 0.05.

We used SPSS 15.0 software for Windows for the statistical analyses.

Ethical Aspects {#S0003-S2009}
---------------

The protocol was approved by the Independent Ethics Committee of Galicia (protocol No. 2014/411). The study will be conducted in accordance with the ICH Good Clinical Practices, the Declaration of Helsinki, and Law 14/2007 of 3 July on Biomedical Research. All patients signed a written informed consent form to participate in the study.

Results {#S0004}
=======

The two groups were comparable in age (p=0.130, Student's *t*-test) and sex (p=0.366, Fisher's exact test). There were also no significant differences in the balance evaluation prior to vestibular rehabilitation, or in the questionnaires, as shown in [Table 1](#T0001){ref-type="table"}; only the number of steps taken to complete the timed up and go test was higher in the group of patients who performed five sessions (p=0.035). The number of patients undergoing rehabilitation using the dynamic posturography device and the mobile posturography device Vertiguard were similar in both groups ([Table 2](#T0002){ref-type="table"}); no significant differences were found between the two groups (p=0.5, Fisher's exact test).Table 1Mean Scores of Balance Tests and Questionnaires, Prior to Vestibular RehabilitationTen Sessions\
(Mean ± SD)Five Sessions\
(Mean ± SD)p valueStatistical TestTUGTime20.27 ± 6.0122.95 ± 8.830.269Student's *t*-testSteps26.95 ± 6.2930.85 ± 7.430.035Mann--WhitneyDynamic PosturographySOTComposite48.80 ± 11.3451.25 ± 12.550.521Student's *t*-testCondition 189.92 ± 4.2991.27 ± 5.390.108Mann--WhitneyCondition 282.65 ± 9.8983.75 ± 12.040.398Mann--WhitneyCondition 383.77 ± 8.4280 ± 22.580.678Mann--WhitneyCondition 461.53 ± 20.9366.30 ± 20.340.231Mann--WhitneyCondition 511.70 ± 17.5314.45 ± 17.170.478Mann--WhitneyCondition 612.82 ± 18.5819.13± 21.930.314Mann--WhitneySomatosensory information91.82 ± 9.3391.49 ± 10.800.968Mann--WhitneyVisual information67.70 ± 22.5072 ± 21.990.429Mann--WhitneyVestibular information12.99 ± 19.5815.90 ± 19.190.478Mann--WhitneyVisual vestibular mismatch114 ± 20.35101.74 ± 31.270.968Mann--WhitneyNumber of falls4.60 ± 2.584.30 ± 2.410.640Mann--WhitneyLOSReaction time0.98 ± 0.270.98 ± 0.200.718Mann--WhitneySpeed of movement2.54 ± 0.762.56 ± 0.760.934Student's *t*-testEnd point of displacement54.30 ± 14.4350.65 ± 11.440.381Student's *t*-testMaximum displacement point71.90 ± 13.1970.95 ± 13.560.824Student's *t*-testDirectional control68.70 ± 14.1769.50 ± 11.790.847Student's *t*-testVertiguardgSBDT47.45 ± 10.9047.85 ± 9.440.902Student's *t*-testDHITotal56.60 ± 18.4558.30 ± 19.590.779Student's *t*-testPhysical scale15 ± 7.3617.70 ± 6.560.228Student's *t*-testEmotional scale18.10 ± 8.7116.60 ± 8.390.748Mann--WhitneyFunctional scale23.50 ± 8.0524 ± 8.730.852Student's *t*-testShort FES-IScore10.60 ± 4.509.30 ± 4.880.387Student's *t*-test Table 2Type of Rehabilitation by Posturography Conducted in the Two Study GroupsRV-PDRV-VertiguardTotal10 sessions911205 sessions101020Total192140

Analyzing the sample as a whole, vestibular rehabilitation improved many posturographic parameters. Importantly, in the sensory organization test, the scores for the global balance of conditions 3, 4, 5 and 6, and the use of visual and, especially, vestibular information increased; in turn, the number of falls during the test decreased, as shown in [Figure 1](#F0001){ref-type="fig"}. Several parameters of the limits of stability also improved: speed of movement (2.55 ± 0.75 vs 2.85 ± 1.04, p=0.010), endpoint of displacement (52.48 ± 12.98 vs 56.74 ± 16.27, p=0.001), maximum displacement point (71.43 ± 13.21 vs 75.67 ± 16.574, p=0.004) and directional control (69.10 ± 12.87 vs 72.03 ± 16.36, p=0.036). We have not found improvement in the gSBDT, although the decrease in the score was almost significant (47.65 ± 10.07 vs 45.16 ± 7.61, p=0.062), in the timed up and go test (neither in the time nor in the steps necessary to complete the test) or in the questionnaires (neither in the DHI nor in the short FES-I).Figure 1Scores for the sensory organization test of dynamic posturography, before and after vestibular rehabilitation (full group). \*Significant differences.

When analyzing each of the two groups separately, the same pattern of improvement is maintained as that observed in the total sample of the patients, albeit with less significance (by halving the sample size). With 10 sessions, some of the parameters of the sensory organization test ([Figure 2](#F0002){ref-type="fig"}) and the maximum displacement point in the limits of stability (71.90 ± 13.19 vs 74.15 ± 21.60, p=0.025) improved. We did not observe improvement in the gSBDT, in the timed up and go test, or in the questionnaires. Conversely, in the group that performed only 5 sessions, several parameters of the sensory organization test also improved ([Figure 3](#F0003){ref-type="fig"}), and the number of falls during the SOT significantly decreased (4.30 ± 2.41 vs 2.60 ± 2.30, p=0.005). The limits of stability also significantly improved: speed of movement (2.56 ± 0.76 vs 2.82 ± 0.94, p=0.048), endpoint of displacement (50.65 ± 11.44 vs 56.80 ± 11.58, p=0.001) and maximum displacement point (70.95 ± 13.56 vs 76.35 ± 9.37, p=0.048). As in the group of ten sessions, no changes occur in the gSBDT, in the timed up and go test, or in the questionnaires.Figure 2Scores for the sensory organization test of dynamic posturography, before and after vestibular rehabilitation (group of ten sessions). \*Significant differences.Figure 3Scores for the sensory organization test of dynamic posturography, before and after vestibular rehabilitation (group of five sessions). \*Significant differences.

Lastly, when comparing the response to vestibular rehabilitation between the two treatment groups, we did not detect significant difference in any study parameter (neither in those that improved after vestibular rehabilitation nor in those in which rehabilitation produced no relevant changes). Pre- and post-rehabilitation differences in different parameters are outlined in [Table 3](#T0003){ref-type="table"}.Table 3Mean Differences in Balance Test Scores and Questionnaires Scores, Before and After Vestibular Rehabilitation, Between the Two Study GroupsPre- and Post-VR Differencep valueStatistical TestTen Sessions\
(Mean ± SD)Five Sessions\
(Mean ± SD)TUGTime−0.27 ± 11.34−1.45 ± 5.470.758Mann--WhitneySteps−0.40 ± 4.72−1.20 ± 3.930.314Mann--WhitneyDynamic PosturographySOTComposite8.30 ± 11.648.50 ± 9.410.953Student's *t*-testCondition 11.15 ± 3.840.84 ± 4.420.096Mann--WhitneyCondition 23.10 ± 9.482 ± 8.110.738Mann--WhitneyCondition 33.53 ± 6.165.80 ± 16.070.883Mann--WhitneyCondition 411.35 ± 19.146.05 ± 14.190.326Student's *t*-testCondition 512.63 ± 25.3518.75 ± 20.860.341Mann--WhitneyCondition 610.25 ± 23.459.32± 24.500.862Mann--WhitneySomatosensory information2.39 ± 9.051.54 ± 7.550.925Mann--WhitneyVisual information12.14 ± 21.976.31 ± 15.490.339Student's *t*-testVestibular information13.53 ± 27.5920.09 ± 22.280.289Mann--WhitneyVisual vestibular mismatch−1.88 ± 22.43−4.39 ± 29.500.763Student's *t*-testNumber of falls−1 ± 2.79−1.70 ± 2.110.429Mann--WhitneyLOSReaction time−0.07 ± 0.31−0.03 ± 0.210.672Student's *t*-testSpeed of movement0.31 ± 0.970.26 ± 0.500.822Student's *t*-testEnd point of displacement1.65 ± 14.186.15 ± 6.020.327Mann--WhitneyMaximum displacement point2.25 ± 18.165.40 ± 10.800.947Mann--WhitneyDirectional control1.60 ± 21.993.30 ± 11.960.738Mann--WhitneyVertiguardgSBDT−2.15 ± 6.85−7 ± 13.670.164Student's *t*-testDHITotal−1.70 ± 18.39−1.70 ± 11.651Student's *t*-testPhysical scale−0.50 ± 7.73−0.40 ± 6.040.684Student's *t*-testEmotional scale−2 ± 7.11−1.60 ± 7.040.859Student's *t*-testFunctional scale−0.20 ± 9.75−0.80 ± 5.520.692Student's *t*-testShort FES-IScore−0.35 ± 3.57−0.85 ± 3.120.640Student's *t*-test

Discussion {#S0005}
==========

Falls in the elderly are a key issue in the western societies. Their repercussions (fractures, hospital admissions and need for caregivers, among others) affect both the health-care systems and social services and families.[@CIT0009],[@CIT0010] All the strategies that contribute to reducing these repercussions must be promoted, considering the savings that they entail in both economic and morbidity and mortality terms. Vestibular rehabilitation (and, more specifically, vestibular rehabilitation by posturography) has proved effective in not only improving the balance of elderly patients but also reducing at least in the medium term the number of falls they suffer.[@CIT0008] Its main limitation is its high cost, which hinders its widespread use.

Several strategies can be applied to reduce the costs of vestibular rehabilitation by posturography. One of them is to use less expensive devices (more specifically, mobile posturography devices) than the computerized dynamic posturography device. In fact, in our study, we used both vestibular rehabilitation systems as another aim of our research project[@CIT0013] will be to assess whether the results from both systems are comparable. To avoid bias in the use of these two different rehabilitation strategies, the patients were distributed homogeneously between the two study groups. Moreover, they are similar techniques, since both use a biofeedback (in one visual and in the other vibratory) for rehabilitation exercises, they have a similar duration, and previous studies of our group (still pending publication) demonstrated similar benefits. Nevertheless, this is one of the limitations of this study. Conversely, the post-rehabilitation balance evaluation was performed at three weeks and not immediately after rehabilitation, to avoid learning bias that has been described in young adults after repeated sensory organization tests.[@CIT0018]

A further option to reduce costs is to optimize the number of sessions required by each patient. Evidently, we must always individualize this decision according to the needs of each patient, in addition to establishing approximately the number of sessions that a priori are necessary to treat each disease. In postural instabilities of other origins (for example, secondary to a unilateral vestibular deficit), the number of sessions has already been optimized in a study which showed that the results from 5 sessions are virtually the same as those from protocols with 10 sessions.[@CIT0012] Indeed, when the evolution of the CDP-SOT was analyzed session by session in patients with postural instability of different causes undergoing vestibular rehabilitation by posturography, the mean value of the composite fundamentally increased throughout the first 5 rehabilitation sessions, whereas the improvement was only slight in the following 5 sessions.[@CIT0019] This decrease from 10 to 5 sessions results in halving the treatment costs (with the same resources, we can treat twice as many patients). If the results in elderly people with postural instability and at risk of falls were similar, the savings for health-care systems (and for families, since elderly patients usually need to go to the hospital accompanied by a relative or caregiver) would be significant, also increasing patient adherence to treatment, as we found in our study: we confirmed that vestibular rehabilitation by posturography (using both the dynamic posturography and the Vertiguard mobile posturography devices) improves short-term balance in elderly people with postural instability, with no significant differences between protocols of 10 and 5 sessions.

A surprising result was the lack of improvement in the questionnaires or in the timed up and go test, when comparing the results before and after vestibular rehabilitation. An increase in postural stability should lead to greater patient agility in movements and to lower perception of disability, along with a reduction in the fear of falling. A possible explanation for our findings is the fact that only 3 weeks have elapsed from the end of vestibular rehabilitation to evaluation. The improvement in balance observed in the posturographic tests may not yet have generated sufficient confidence in the patient to improve their agility in performing the timed up and go test, or to reverse the feeling of insecurity caused by postural instability. If the posturographic improvement is maintained over time, it should also entail improved scores in the timed up and go test and in the questionnaires.

The main limitation of our study is the short follow-up period (3 weeks). Longer follow-up periods are necessary to confirm that the improvement detected at three weeks persists in the medium and long term. Furthermore, a long-term follow-up will allow us to assess whether the improvement in balance translates into a decrease in the number of falls, as previously published.[@CIT0008] However, we consider the balance evaluation at three weeks relevant in this age group, especially if we confirm that the improvement is not maintained over time. In this case, a protocol for "memory" vestibular rehabilitation sessions will have to be established to consolidate good balance and to reduce the risk of falls.

Conclusion {#S0006}
==========

In conclusion, in light of the results from our study, 5-session protocols of vestibular rehabilitation by posturography in elderly patients with postural instability are as effective as 10-session protocols in improving balance. Although these figures may serve as a reference, the specific number of sessions should be nevertheless decided individually for each patient, based on their progress and their conditions (comorbidities, distance to their home, and need or not for a companion, among others).

This study has been funded by the project PI1500329, integrated into the Spanish State Plan for R + D + I and funded by the Instituto de Investigación en Salud Carlos III -- ISCIII -- Subdirección general de Evaluación y Fomento de la Investigación and the Fondo Europeo de Desarrollo regional (FEDER).
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